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High and low Dimorphism. 

With <111 account of certain Tanaidae of the Bay of Naples. 

By 

Geoffrey Smith, 

New College, Oxford. 


With Plates 20, 21 and 13 figures in the text. 

I. lutieduction. 

The occiirreuce of high and low dimorphism has for long been 
known to collectors of insects, and the phenomenon is probably 
familiar to anyone who has seen a series of the males of the common 
Stag beetle or indeed of almost any beetle in which the sexes are 
distinguished by well-marked structural dilferences. It consists 
essentially in the existence among the males of any species of a 
graduated series, as regards size and the development of the seeon- 
dary sexual characters, such that the smaller males have relatively 
poorly developed secondary sexual characters while the larger males 
attain to a much greater relative develo])ment of those characters. 
The smaller males are then termed '‘low“, and the larger males 
^'liigh": when there is a more or less abrupt transition in point of 
numbers from liigb to low males we may most properly speak of 
a liigl) and low dimorphism existing in the males of that species, 
but we also apply the term more loosely to those cases in which 
no such abrupt transition is proved to occur. 

The object of the following pages is to extend the ap])lication 
of this ifheuomeuon to several new eases, to endeavour to trace it 
to its causal connection in the general manifestation of the living 
organism, and to indicate its bearing upon the i)roblem of organic 
change. It has been found possible to trace the existence and in- 
lluenco of the principle which underlies this phenomenon in very 
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various and not closely related groups of animals, but it will be 
noticed that all my instances are drawn from the Arthropoda. I 
do not believe that this limitation has any real significance; it is 
simply owing to the fact that the Arthropoda in the possession of 
a rigid exoskcleton and in the habit of changing it as a whole in 
ecdysis, otfer very favourable material for the observation and 
measurement of small differences in structure. I venture to suppose 
therefore that the rules which we are able to formulate for this 
class will be of general applicability. 

At the outset a definition must be given of two broadly dis¬ 
tinguished types of high and low dimorphism, which I have termed 
facultative and definitive respectively. In all the cases which have 
been hitherto observed the males on the assumption of the adult 
state cease to grow or to undergo exuviation; consequently the high 
and low forms which they have assumed are permanent and do not 
suffer any further change. This I call definitive high and low 
dimorphism. But there occur cases in which growth continues after 
the assumption of sexual maturity, and under these circumstances 
I have called the very remarkable kind of dimorphism which may 
result, facultative, because in these cases the low male becomes 
converted into the high. 

To the category of facultative dimorphism we now turn. 

2. Facultative liigli and low Dimorphism. 

A. InacJius scorplo. For more than a year a great number of 
this crab, which is exceedingly common in the Bay of Naples, has 
come under my observation almost every week, so that I have been 
able to gain a fairly just idea of a sample of the whole population. 
The specimens are very commonly infected with a species of Saccu- 
Una^ which was my particular object of study, but the following 
observations refer to uninfected males. In order to ascertain that 
I was really dealing with uninfected normal males, each crab after 
measurement was dissected and a thorough search was made for 
the internal stages of SaccuUna, These were very frequently found 
in a great number of crabs which showed no external trace of the 
parasite, and these crabs were of course rejected from our compu¬ 
tation of the normal specimens, since the presence of the parasite 
profoundly affects the structure of the crab as will be shown in a 
future work. 
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The normal uninfected specimens of the male occur during’ the 
breeding season (February to August under three chief forms which 




1 term low, middle 
and high. These 
are drawn sche¬ 
matically in the 
Text Figures 1, 

2 and 3 respec¬ 
tively. The se¬ 
condary sexual 
character affected 
is the chela, 

which in the low males is slightly 
swollen, and in the high males is 
relatively to the size of the crab 
much more swollen, while bet¬ 
ween these two types conies the 
middle male in which the chela is 
hardly more developed than it 
is in the female. The low males 
measure in carapace length between 
13 and 15 mm., the middle males 
16—18 mm., and the high males 
19—26 mm. During the breeding 
season the number of middle males is small, compared to the 
frequency of the other two types. We may express the relation 
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between the general size of the male and the degree of development 
of the chela by the curve of average growth given in Diagram 1 
which was made from measurements on 496 males taken at random 
during the breeding season. 

Chela breadth in millimeters. 



Textfigure 4 (Diagram 1). 

The curve is constructed from Table 1 in Appendix 2 (see below 
page 33S) by drawing a line through the average chela breadth asso¬ 
ciated with each particular carapace length, and the shape of the 
curve expresses clearly the fact that in crabs between 15 and 
19 mm. carapace length there is no average increase of breadth in 
the chela, and that the increase in breadth is more rapid in crabs 
after 19 mm. carapace length than between 9 and 15 mm. The same 
thing applies to the average chela length, so that it is growth in the 
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whole chela that is arrested at the middle stage. Now among the 
middle males, there also occur a very small number of crahs 
mcasuriug between 1(5 and 19 mm. in carapace length, which exhibit 
a swollen chela intermediate between the low and high males. The 
very low frequency with which such crabs occur is exhibited in the 
Frequency Curve Diagram 2. 

Carapace length in millimeters. 



Textfigure 5 (Diagram 2). 

This curve shows the fre([uency with which males of all sizes with 
swollen chelae occur during the breeding season, the middle males 
with flat chelae being omitted. It is seen that there are two modal 
jioints of greatest frequency, one at 13 mm. carapace length, the 
other at 22, and these correspond to the low and high males re- 
si)ectively. Now if we dissect a large number of crabs with swollen 
chelae during the breeding season we find that in all cases the 
testes arc very large and spermatogenesis is in full activity, but 
the testes of males with flat chelae are obviously reduced and sec¬ 
tions show that spermatogenesis is in abeyance. The curve in 
Diagram 2 rejiresents, therefore, a sample of the breeding males of 
the i)opiilation under consideration, which are thus seen to be essen¬ 
tially differentiated into high and low forms What then is the 
explanation of the middle males with flat chelae, which take no 
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active part in the breeding season? The explanation of their occur¬ 
rence is given by examining the males that occur during the winter 
months, when reproduction is not going on. We find at that season 
a few high males, presumably left over from the passed summer, 
but instead of any low males we have an assemblage of crabs 
measuring from 5—19 mm. 
carapace length, all of which 
exhibit the flat type of chela 
and reduced testes. What 
happens is this: the low 
males before they can take 
part again in the breeding 
season have to pass through 
a period of active growth 
in which the sexual functions 
are suppressed, in order to 
attain to the condition of high 
males. This period of growth and sexual suppression is generally 
passed through in the winter, but this is not necessarily the case, 
and so we have the phenomenon of the middle males with flat 




chelae and nonfunctional testes occurring in the breeding season, 
while the breeding males are differentiated into high and low forms. 

B. Inachits thoracicus. This species is closely allied to the fore¬ 
going, but is clearly differentiated in its greater relative length, in 
the larger size of the dorsal tubercles, and by the presence in the 
male of a large ventral shield. I have not been able to examine 
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a large series of males, but it aj^pears that a similar phenomenon 
of dimorphism also occurs in this species. Figures of low, middle 
and high males are given in Textfigures 6, 7 and S respectively. 



C. General Bemarks. I do not 
doubt that the cases of facultative 
high and low dimorphism described 
give us the elue to the meaning 
of the phenomenon in general. For 
if we suppose that the males of 
Inachus did not go on growing 
after assuming the mature condi¬ 
tion, but that the whole period of 
growth was relegated to a larval 
state, we should have a ease of 
definitive high and low dimorj^hism in the males. As it is, howe¬ 
ver, we have the resumption in the middle males of a kind of 
larval immature condition which occurs after a temporary assumption 
of the sexual state in the low degree. This phenomenon points to 
an antagonism between growth and sexual maturity as the expla¬ 
nation of the occurrence of high and low dimorphism, an antagonism 
wliich is widely evidenced in organic nature. But to go further into 
this matter at present would be a digression from our main descrip¬ 
tive theme. 



3 . Uelinitive high and low diinorpliisni. 

A. Gnaihln maxillarls. In a small paper in this journal (6 I 
described some facts which appeared to show that there were two 
critical periods for the transformation of the larva into the adult 
male, firstly when the larva had reached about 2 mm. in length and 
again at about 5 mm. It will be remembered that the larva of 
(laathia which undergoes metamorphosis into the adult is a swollen 
ectoparasite on fish known as Frauiza, but another larval form occurs 
which 1 called the giant segmented larva, and this is most fre- 
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qneiitly met with measuring about 4 mm. This latter larval form 
never metamorphoses into the adult, but probably attaches itself 
again to a tish and does not become adult until after passing again 
into the ITaniza state. Although all the points contended for in my 
paper were by no means satisfactorily proved, the following facts 
are certain. 

1. The adult male does not go on growing after attaining ma¬ 
turity. 

2. Its range of size is immense, varying in the males from 
1—S mm.: this range of size being dependant on the amount of time 
spent in the larval life. 

3. A large sample of males collected during full breeding-time 
fell into a distinctly bimodal curve in relation to size. 

4. Corresponding to the two modal sizes, the males fell into two 
groups which showed somewhat different frequencies with respect 
to the measurement of an index describing the shape of the man¬ 
dible, but owing to the difficulties of measurement I cannot lay much 
stress on this point. 

5. At certain points in the larval history, but especially at the 
period of medium growth, i, e about 4 mm., a special retrogressive 
larva occurred which never passes to the mature condition from 
that state. 

These facts appear to me sufficient to show that in this species 
in the Bay of Naples there is an antagonism between growth and 
maturity which tends to establish a division into high and low 
males. 

B. Leptocliella ditbia, (The reasons for assigning the limitations 
to this species are given in Appendix 1, pag. 333—335, and also 
the relation of the males I have found to those of Fritz Muller). 

The males are distinguished from the females of this species 
by the greater size and different structure of the chela and of the 
first antennae. Males are figured in Plate 20, Figs. 1—2 and fema¬ 
les in Figs. 11—13. The males up to the last ecdysis but one resemble 
the females; in the last ecdysis but one they assume the form 
shown in Fig. 10, and from this form they pass to the full adult 
condition which is permanent, the male ceasing to grow after this 
point. 

The males differ greatly in size, from 2—4 mm. in length, and 
with this difference in size is associated a marked dimorphism, the 
larger males having immensely developed chelae (Fig. 7) while the 
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chela of the smaller males is quite (lisproi)ortionately reduced 
(Figs. S and 9). This is indicated in the following diagram 3, which 
is constructed from Table 2, in Appendix 2. 


Chela length in mm. 

B 



It is here seen that the line of actual growth A of the chela rela¬ 
tively to the body length, falls altogether outside the line of pro¬ 
portionate growth B. I have been unable to determine whether 
the high and low forms constitute a bimodal curve of frequency, 
but this appears highly probable from the fact tliat several species 
have been made out of them differing in the degree of development 
of the chela. 

C. Orchestia Danvinii. According to Fnirz Muller (1) the males 
of this si)ccies arc sharply divided into two categories which dilVer 
in respect to the form and degree of development of the chela. If 
the males of both these forms were really adult members of the 
same species we i)robably have here a case of higii and low 
dimorphism. Della Valle however in his Jlonograph on the 
Gammarini of the Bay of Naples throws doubt on Muller’s obser¬ 
vation, but not with very sufficient reason. 

D. Forl’tcuUi (luricidfirin. The classical case of high and low 
dimorphism in the males of this species was described by Bateson & 
Brindley (2; from the Fame Islands. The 583 males, measured in 
respect of the forcc])S, fell into a markedly bimodal curve, and 
although measurements to sliow the correlation of this character with 
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the total length are not given, the authors state (Footnote p. 589): 
'There is nevertheless no doubt that the ratio of the length of the 
forceps to the total length is higher in high males than in low”. 

E. Xiflotrupes gldeon and the Lamellicornia. The dimorphism 
in Xiflotrupes gklcon has been described in Bateson & Brindley’s 
paper already referred to. The curve representing the relative 
frequency of high and low males was markedly bimodal. 

In the whole order of Lamellicornia, wherever highly differen¬ 
tiated secondary sexual characters occur, the essential feature of 
high and low dimorphism can be seen, i. e. the association of highly 
developed secondary sexual characters with a large size and their 
reduction with a decrease in size among the males of the species 
that exhibit the phenomenon. 

F. Pectinicornia. The character here chiefly affected is the 
mandible of the male. The essence of high and low dimorphism is 
here also apparent in all the species showing sexual differentiation. 
The curve, however, obtained by Bateson & Brindley for a sample 
of Lucanus cervus was uuimodalh 

4, The correlation between the secondary sexual charactei’s 
and the primary sexual character. 

I am unable to enter very widely into this highly important 
aspect of the question without encroaching on a subject which forms 
the chief part of a work that I hope soon to publish. It is however 
well known from the facts of ordinary and parasitic castration, and 
of ovariotomy, and from observations on animals with abnormal 
genitalia that a close correlation exists between the primary and 
secondary sexual characters. I may also revert again to the facts 
described for Inaclats scoipio (see page 316), where it was found that 
the middle males with flat female-like chelae always had reduced 
testes in which spermatogenesis was not active, as is also the case 
with low males in winter, when they too have flat chelae and small 


* Certain cases of high and low dimorphism have been suggested by 
Giard (3) as due to the effects of parasitic castration. Although this may be 
the case in certain instances, it is hardly possible that a phenomenon of such 
wide distribution associated with particular stages in growth in totally different 
groups of animals can be always due to a parasitic affection. Idiis is certainly 
not the case in the facultative dimorphism of Inaehus seorpio, and it can hardly 
be doubted that we are dealing with essentially the same kind of fact there 
as in definitive dimorphism. 
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testes. This case is of particular interest to us because it proves 
that the form and development of tlie chela is correlated with the 
primary sexual development, and also that the phenomenon of bigii 
and low dimorphism is due to the assumption of particular states of 
sexual devcloj)nient at ])articu)ar stages of growth. 

1 know of no observations u])on tlic i)rimary sexual development 
of high and low insects, but it can hardly be doubted that this class 
offers no exception to the universal rule that the secondary and 
primary sexual characters are here too closely correlated. But in 
the case of insects a special word of warning is needed. It has been 
l)roved in several cases (Oudemans 4 and Kellogg 5) for butter¬ 
flies and moths that the destruction of the rudiment of the gonad in 
the larva has absolutely no effect on the development of the secon¬ 
dary sexual characters. This apparently contradictory result is only 
contradictory in appearance: beeause it is possible to ])rove, as I 
intend to show in another work, that the development of the secon¬ 
dary sexual characters in general is not due to the presence of a 
corresponding differentiated sexual gland, but that the differentiation 
of both the secondary and primary sexual characters is due to a 
third factor, which I will call the primary sexual development, and 
which may be uninfluenced by the destruction of the germinal cells 
at an early ])criod. 

It is conlidcntly assumed here that the phenomenon of high and 
low dimorphism, both facultative and definitive, is due to a parti¬ 
cular kind of evolution of the primary sexual development in the 
growth of the individual, such that the males tend to become si)lit 
up into high and low forms differing both structurally and physiolo¬ 
gically in their sexual nature? 

5. Evidences of high and low diinori^hisni as a means of 
progressive differentiation. 

The principle of high and low dimorphism has been shown to 
affect the males of various widely different species, and to constitute 
a differentiating factor within the limits of these species. We may 
now en(|uire whether this principle of differentiation may not extend 
(uitside the limits of a s])ccies and exert a controlling influence in 
the general evolution of organic groups. It appears that if this is 
the case we ought to be able to observe a certain relation between 
the male secondary sexual characters of tliG species which constitute 
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a group of this kiud, a relation of such a character tliat on the 
whole the larger species should exhibit more highly differentiated 
sexual characters in proportion to their size than the smaller species, 
lu other words in such a group of closely allied species, there 
should exist, besides high and low individuals within the limits of 
the species, also high and low species, if the principle of high and 
low dimorphism has exerted an influence on the evolution of the 
group. Now this is exactly what is found in no questionable manner 
in the groups which I have examined, in all of which the pheno¬ 
menon of high and low dimorphism within the limits of the species 
is also apparent. These groups are the Tanaidae, Lamellicornia and 
Pectinicornia. We shall show that in these groups various series 
can be traced from species with larger males which exhibit the 
phenomenon of high and low dimorphism, to smaller and smaller 
species in which the secondary sexual characters of the males become 
more aud more reduced, so that these smaller species are to the 
larger what low males are to the high males within the limits of 
a single species. It is not our purpose to maintain that this factor 
has been the essential factor in the process of specific differentiation, 
because in this process there are two possibly separate factors, 
firstly the factor of structural modification and secondly the factor 
of sexual incompatibility which prevents fertile intercrossing, but we 
can maintain with certainty that the principle of high and low 
dimorphism has played an important part in the structural modi¬ 
fication of the group. The argument followed is one of phylogenetic 
reconstruction, and this is always hypothetical, but our advantage is 
this that it is indifferent to us which way the series leads whether 
from high to low or low to high, and indeed it does not matter 
whether the actual series we trace is a true one; all we require is 
a certain quantitative ratio between the size of the male and the 
degree of development of the sexual characters of the various closely 
related species in a group, and when this is proved our point is 
proved also. The method employed is necessarily a tedious one, as 
it must consist in the careful comparison of closely related forms. 

A. Tanaidae. I have spent some time in working out the 
Tanaidae of the Bay of Naples and my results are given in detail 
in the appendix to which the curious reader may be referred. 

Within the family of the Tanaidae certain genera stand apart 
such as Tanais^ Alaotanais^ Anartliriira aud others: but there is a 
compact group of very closely allied species which do not exhibit 
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any marked break: this group includes the genera Leptochclia, 
IleferoUufcns^ FaraUmais and tlien the blind genera Leptognathia^ 
Tanciopsis^ and Tgpldotauals. This gronj^ is held together by the 
possession of a comb on the chela (PI. 20. Figs. 7, 21 ete,), by the form 
of the antennae in the male, and the absence of any other marked 
differences which split off certain of the other genera. The most 
perfect series from our point of view goes through the species of 
LcptocheVia to Paratcniais, Heterotanais standing apart through quali¬ 
tative variations; and the passage from Faratcmals to the blind 
genera, though 1 think certain, is not very immediate. Our method 
is first to describe the kind of high and low dimorphism that 
exists within the limits of a large species and then see if our series 
of allied species fits into any scheme with relation to it. The species 
chosen is Leptochelia dubia. There has been much difficulty with 
regard to the limits of this species and this is reasonably cleared 
up in the Appendix. The variation in size of 74 definitively adult 
males is given in Table 2; it extends from 2—4 mm.; and in the 
degree of development of the chela, as measured by the length of 
the furcei)S, it exhibits the phenomenon of high and low dimorphism 
very markedly. Figures drawn to scale of chelae of high and low 
males arc given (Figs. 7, S and 9). The antennae of the male is 
long and has from 9— 11 joints (Figs. 3 and 4). It must be noticed 
that low males have often longer and more numerous sensory hairs 
than high males (Figs. 3, 4, 5 and 6). (The relation of these high 
and low males to Fritz Muller s males is discussed in the Appendix). 
All the males have the mouth parts degenerate: up to the last moult 
they have the form shown in Figure 10. The adult oviferous females 
have the form shown in Figures 11 — 13; they measure about 3 min. 
The chela is very different to that of the male, being much smaller 
and lacking the tubercles on the lower limb. The antenna also is 
quite different, being 3-jointed and destitute of sensory hairs. The 
uro])od of the adults of both sexes has a C-jointed endopod and a 
one-Jointed exojiod. During the larval stages the endopod steadily 
increases in size iiroportionatcly to the exopod, as shown in the 
scries Figs. 11 —17. We must now look for a moment more narrowly 
at the chela of the male. In Fig. 7 which depicts the chela of a 
high male it should be noted that the two serrated tubercles on the 
lower arm of the forceps are far apart, but much more nearly ai>- 
lu’oximated in the low male Fig. 8, while in Fig. 9 the two tubercles 
are running together with a continuous line of serration between 
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them. Furthermore it should he observed that the comb of the small 
chela is very large compared to that in the large chela. 

We have now to trace our series among the allied species. 
Firstly there is a form described by Dollfus (10), L, Corsica which 
measures 5 mm,, and he says in relation to the male: ”La forme 
bien plus allongee des chelipedes chez le male parait cependant uu 
earactere distinctive assez net.“ So we may conclude that this form 
besides being large is also high in regard to the chela. This is the 
only species of Leptochelia which is known to be larger than L. 
duhia. Passing to the smaller forms, the nearest is L, inermis (DolF 
fus) which measures 2—G mm. This species has the chela in the male a 
good deal reduced, but the two tubercles are recognizable as such 
on the lower arm of the forceps. Compared to L. cUibia therefore it 
is about middle-sized, and we see that it is low in respect to the 
chela. The uropod of this species has 4 joints in the endopod and 
one in the exopod; i. e. it is in a state comparable to the develop¬ 
mental stage of the uropod of L. dubia figured in Plate 20, Figs. 15 
—17. The next species in the series is L. mercantiUs (see Appendix 
page 335 and Figs. IS—23). The male measures 1—5 mm., the female 
being larger 2.75, but the reduction in size of the male is the im¬ 
portant point for us. Corresponding to this reduction we see that 
the cheliped is greatly reduced in size, being assimilated in its pro¬ 
portions to that of the female, while the two tubercles have become 
completely fused to form a continuous serrated ridge (Fig. 21). The 
chela comb is largely developed, and the antennae have long sen¬ 
sory hairs (Fig. 20) two characters which we saw beginning in the 
low males of L, dubia. Finally the uropod has the endopod 4-jointed 
and the exopod one-Jointed (Fig. 23). Meantime the female of this 
species (Fig. 19) has not deviated in the least from the female of 
L, dubia^ except that it is a little smaller and has quite constantly 
only 4 joints in the endopod of the uropod, when adult and oviferous, 
whereas the female L. dubia as constantly has G when adult, though 
in a developmental stage it passes through the 4-joiuted condition 
of the adult in L. mercantiUs, The exopod of L, mercantiUs is 
still one-jointed but increased in size (Fig, 23), 

The next species in L, mergellinae (Figs. 24—28). It is very 
closely allied to the foregoing but differs in being still further reduced 
in size ((j^ = 9 mm., $ 1.3 mm.), and in correspondence the chela of 
male aud female are closely similar (Figs. 26 and 27), the antenna has 
very greatly developed sensory hairs (Fig. 24), aud the uropod has 
still farther differentiated on the same lines as the preceding species. 
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liaving 4 joints in tlic cndopod and 2 in the exoijod (Fig. 28). This 
little form in its size, chelae, antennae and nropod forms a beautiful 
transition from the genus Jjepfocltelia to ParaUnuiis, P. Batei (PI, 21, 
Figs. 40—13), a typical member of the genus, is a little smaller than 
L. ?/icn/cllinaCj and in correspondence the characters under conside¬ 
ration have progressed a little further than in the foregoing. The 
chela is yet more reduced (Fig. 40), the antennae (Fig. 42) more 
stumity and with longer hairs, the nropod has the endopod and 
exopod both with 2 joints and practically assimilated, except that 
the endopod is a little longer and stouter (Fig. 43). 

We have so got a jierfect transition from L, coi'sica through (hibia, 
inermisy me)C(intiUs, mergeUhute, to Fardtcuuns, We have now to 
pass to the blind genera, Leptogncithia^ Tanaopsis^ Typlilotmiais (see 
Saks, Crustacea of Norway, Isopoda). The striking thing about these 
forms is the great discrepancy in size between the males and females. 
Thus in T. hiticdudata ^ the male measures 1.4 mm, and the female 
3.2 mm. and this is also the case with all the species the males 
of which are known. The male in the form of the chela, the an¬ 
tenna and the nropod betrays a distinct likeness to Paratanais 
(Figs. 44—46), but it is doubtful how nearly allied they are. These 
blind forms therefore by no means controvert our rule, because the 
males belong to a distinctly small category and in correspondence 
we find the chela reduced and the antenna and nropod developed 
ill the way which we have found to be characteristic of the smal¬ 
ler forms. 

Tlie rather anomalous species included in the genus Tlctcrotcniais 
(PI. 21, Figs. 29—39) differ (lualitatively from the forms considered in 
several respects, esi)ecially in the curious broken form of the chela 
in the male and the swollen antennae of the female (Figs. 31 
and 34). We are here confronted with a qualitative difference which 
is very hard to deal with and wc shall find this also to a certain 
extent in the Lamellicornia. 

We may now tabulate our series as follows, jiassing from large 
forms with highly ditferentiated chelae in the males, with long an¬ 
tennae provided with few and short sensory hairs, with an nropod 
in which the endopod is much longer than the exopod, to smaller 
and smaller forms in which these characters become progressively 
altered in a definite way. These forms are: 
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L. corsird 


1 high 


L. dnhia < 

HeterotdUdis 

[ low 


L. idermis 

L, mereJDitilis 

L. ))iergeUiune 

III 

raraifOKtis Batcl 



Now we have seen that within the s})eeies L. dubia. high and 
low males occur which differ from one another in two of the 
characters under consideration, nameh' the chela and the antenna; 
while the iiropod having its two branches equalized is intelligible 
oil the hypothesis that the smaller species have been split off at a 
so to speak larval stage in the growth of the larger forms. 

The coincidence then of this high and low dimorphism within 
the species with the existence of high and low species in a compact 
group appears to me to poiut to the princii)le of high and low 
dimorphism as an important factor in their evolution. For besides 
their size and the characters wliich concern the secondary sexual 
characters and the urojiod, the diflerent species of this group are 
practically iiidistiiiguishable. There is one other fact which seems 
to me to show that these species are to be regarded as races which 
have been split up partly owing to changes in the stage of growth 
at which maturity is reached. And this is that the females of the 
smaller species appear to breed much faster and take less time in 
becoming mature than the larger forms, and this is the more marked 
the smaller the species is. Thus one tinds more than half the females 
of P, Bntei at all times of the year with eggs, but only a small 
percentage, perhaps 10^ o oi L. diibi(t. This appears to me to be of 
siguiticance. 

We must now look for parallel facts in the Lamellicoruia. 

B. Lamellicornia. It is impossible to maintain that the prin> 
ciple of high and low dimorphism is the sole factor in the evolution 
of the groups considered; we may go further and say that it is 
e(iually impossible to claim that the dilferentiation of the secondary 
sexual characters is solely due to this principle. Mr. Arrow, of the 
British Museum, to whose courtesy I am much indebted, pointed 
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out to me mauv ])eciiliar features iu the secondary sexual characters 
of the l.amellicornia, many of them concerning’ qualitative diiierences 
in col mr and in structure which are quite imj)ossible to bring under 
the quantitative rule under discussion. But a general review of the 
secondary sexual characters of the Lamellicornia, in so far as they 
are (iiiautitatively estimable, affords the most convincing evidence 
of the i)resence of high and low dimorphism as a differentiating 
factor. From the mass of material which I have gathered, only a 
few most striking instances will be selected for discussion here. 
The two genera Cathrn\'^ii/s and Copris belong to the Copridae verae. 
The males are distinguished from the females by the presence of 
a projecting thoracic ridge and a salient clypeal horn, which are 
rudimentary in the female. In Cafharsius we may start from C. 

(Texttigs. tO and IF a large form with a range of variability 
in total length from about 40 — 22 mm., the high males graduating 
into the low and so into the female condition in their secondary 
sexual characters. Now as the species of Catharshis get smaller and 
smaller the sexual differences in the thoracic ridge and the clypeal 
horn in the males and females become less and less, until we come 

to exceedingly small forms as 
'X hiennis, and opnciis, 

measuring from 15—16 mm. in 
Inch there is no external difi’er- 
ence in the sexes visible. (See 
, —— I extfigs. 12 and 13 C. latifrous^. 


Fig. in. 






\ 


I 12. 


Fig. 


Fig. 11 . 


In the genus ('opns the larger species have highly marked 
xual dideicmes, and here again we pass in a series to very small 
<»iin^ as ( hicnceps, measuring about 11 mm., 

HI wliicli Fie males an 1 females liavc been entirely assimilated by 
the <upi.re<xioii of the secondary sexual characters. 

In thi-* ua\ the small species of Cdtharsi/is and Copris come to 
upon one another in the most remarkable manner, but 
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this they do odIv as eoucerns size aud the sappi'ession of the secon¬ 
dary sexual characters, because the structure of the keels on the 
outer edge of the tibia of the hind leg, a non-sexual character, 
ditfers more in the small species of Catltdrsius and Copris than in 


the large. 

In these t\YO genera then the development of the secondary 
sexual characters in the male is a function of the total size, and 
they aftbrd very good instances of high and low dimorphic 
species. 

The next genus selected is Euchirus^ a genus of the Melolon- 
thidae. Here a totally different structure is affected by the sexual 
differentiation, namely the forelegs which in the males are immen¬ 
sely elongated aud furnished with antler-like tynes. E. lougiinauus 
is the largest species known but with a wide range of variation, 
at any rate from SI mm. —5S mm. in total length, and the pheno¬ 
menon of high and low dimorphism is markedly apparent. 

From this species we pass by steps to the smaller forms E. 
Madeayi and E. Panip] and so to Propomicus in which the size is 
steadily reduced, aud in correspondence the ratio between the total 
length and the length of the forelegs becomes also reduced, so 
that in the last named form, which differs generically in unimpor¬ 
tant details from Enclurus^ the forelegs of the male have very 
closely approached those of the female in proportions and structure. 

In the next two genera selected, Golofa and Djjnasfcs^ members 
of the Dyuastidae, we obtain excellent series, in which the males 
of the larger species of the genera as respects the thoracic and 
(dypeal horns are high in comparison to the smaller species. In these 
cases we will give average measurements made up from a series 
of measurements for each species which included the extreme types 
as well as the average condition. 

In Golofa we have: 


(j. Porte)'i 
G, eacus 
G. aecjcon 

In Dy)iast€s: 


Mean body length 
60 


Mean ratio 


Clypeal horn 
Body length 


0.44 


41 0.27 

38 0.17 


Mean elytron length 
46 


Mean ratio 

1.4 


Thoracic horn 
Elytron length 


35 


0.7 
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Now the si»e(*ios witliin the limits of eaeli g*eiiiis are very closely 
allied, being differentiated by constant ))ut detailed differences in 
marking and structure, and they sllo^y this remarkable gradation 
ill the degree of develojiment of the secondary sexual character 
correlated with the total si/e. 

Siiflicient evidence has now been produced to show that several 
widely separated genera of the Lamellicornia follow the rule which 
was postulated to meet the suiiposition that the principle of high 
and low dimorphism within the limits of a species can be extended 
to a progressive ditferentiation in a group of closely allied species. 
It may be suspected that we have merely selected favourable and 
suppressed imtavoiirable evidence. This is not the ease; the only 
instance in which an apparent contradiction to the rule is found is 
in the genus GoUatlnis^ where the smaller species have not suffered 
a disproportionate decrease in the secondary sexual characters. Xor 
in the larger species can I find any evidence of the occurrence of 
high and low dimorphism within the limits of a species, so that 
even this single instance does not definitely contradict us. 

C. Pectinicorni a. Lacordaire divides the Peetinicornia into 
Lucanidae and Passalidae, but the Passalidae do not exhibit any 
high degree of sexual dimorphism, so I have neglected them. The 
Lucanidae are nearly all highly sexually diniorphie, the characters 
affected being the mandibles, and to a less extent the head, prothorax 
and legs. The mandibles of the male are often hugely developed, 
those of the female being always much smaller: and throughout the 
whole grouj) the phenomenon of highness and lowness is of (|uitc 
universal occurrence. That this factor has been an inii)ortant, if not 
the most important, factor in the evolution of this group, is I think 
thoroughly borne out, but except in one or two genera we do not 
meet with quite such striking series as in the Lamellicornia, because 
long series of very similar species do not occur. We arc also troub¬ 
led by the great (Qualitative differences which exist between closely 
allied s])ecies, and even between individuals of the same species, 
'riius in certain species of the genus Odo)iiolahis^ e. g. 0. Brookcanus. 

1 have observed in three similarly sized males three (Quite different 
types of mandible. This kind of variation is evidently a kind of 
high and low ])olymori)hism, but it is not at all strictly coincident 
with varialions in size. 

I do not intend going into the same detail with these beetles 
as with the Lamcllicorns, since it would simply mean repeating the 
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same kind of evidence: but I will indicate wliicb g-euera chiefly 
show evidenee of our principle. In the genera FlioUdotits^ Chiaso(j}i(itJius^ 
LdDipriuKi^ Lf(Cfuius\ Odoutohihis and Chdognadius^ we do not get 
any long continuous series of species graduating into one another, 
but with a very high degree of generality it is found that the larger 
species are much more highly sexually dimorphic than the smaller, 
and there is no clear instance of the opposite case. In individual 
cases we get obvious instances of one species being high to a smaller 
and very closely allied low species. 

The genus Cydowatnf^ gives a very perfect series of closely 
similar forms passing from the large C. tamudiis where the mandi¬ 
bles may be as long as the body to smaller and smaller forms, until 
in C\ sfryiceps the highest males have mandibles less than half the 
body length. The genera Hcniisodorcus^ EitnjtraclicJiis and Dorcus 
give similar but not such i)erfect series. 

AVe have so far mentioned all the genera of Lucanidae Avithout 
omission: the rest of the genera contain ranch smaller forms Avith 
their secondary sexual dilferences very much reduced; consequently 
in the majority of cases, it is hard to detect the presence of our 
principle. On the whole the Lucanidae afford very definite support 
and confirmation to the general laAv Avhich Avas found to be of 
application to the Tanaidae and Lamellicornia, in this case the 
character affected being quite ueAv, namely, the mandibles. 


(). Coueliisioii. 

In the foregoing paragraphs it has been sIioaa n that the difie- 
rentiatiou of the males of many speeies of Arthropods into high 
and low forms is of Avide occurrence in distantly related groups 
which show a high degree of sexual ditferentiation. The high and 
loAv dimorphism may be facultative, as in those eases in AA^hich the 
loAv male by groAvth passes through an intermediate condition to 
the high male, or definitive, as in those cases Avhere groAvth ceases 
on the assumi)tiou of the mature condition. The development of the 
secondary sexual characters is strictly correlated with that of the 
primary sexual development, so that the condition of highness and 
loAvness in the secondary sexual characters must stand in relation to 
some modification in the condition of the primary sexual dcvelo])- 
inent, as defined in Section 4 . 
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111 tlio 'I'iiiiaidae, Lanicllieonna and I^ectiiiieoriiia evidence was 
produced to show that the diflcreiitiatiou into high and low males 
within the limits of a species has widely iulliieneed the progres¬ 
sive dilTereutintion among the different closely allied species of 
many gremps. 

Xow this means tliat the modifications in the primary and secon¬ 
dary condition of various species which leads to high and low 
dimorphism within the limits of a species, have oiierated ])rogres- 
sively in the evolution of these forms. There can be little doubt 
tliat these modifications arc primarily induced by the conditions of 
life, csjiecially of nutrition, acting upon tlie sexual organization of 
the male. For we know that the sexual organization is largely iu- 
fiueuecd by jiarticular conditions of life, by nutrition and most 
strikingly liy the presence of particular parasites, as is evinced in 
the phenomenon of Parasitic Castration. And it is well known to 
breeders of insects that the size to which the adult attains can be 
very greatly influenced by the amount and (piality of nutrition 
su])plied to the larva. 

Now if we assume, as I believe we must, that the phenomenon 
of high and low dimorphism is an effect largely produced by the 
influence of external conditions on the sexual organization, it appears 
that this influence has operated continuously in specific diiferentia- 
tion. in other words that these influences have become inherited in 
some manner. Put before dismissing this hypothesis as assuming 
the inheritance of accpiired characters, we must reflect with what 
we are dealing. We are dealing witli characters that do not jiri- 
marily ])eloug to the body, but to the reproductive organization. It 
is the reproductive organization that is alTected in the phenomenon 
of higli and low dimorphism, and so there is liere not the same a 
priori difficulty in the transmission of such affections, as exists in 
(‘ases where the body only is influenced. We arc however in need of 
some material theory by which the modifications induced in tlie 
r(‘productivc system can be transmitted through the germ cells to 
siicceding generations. A material theory of this nature is, I believe, 
afforded by a series of facts and ex])erimental results, which I 
hojie to describe in a future work, but to which 1 cannot further 
advert here. 
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Appendix 1. The Taiiaidae of the Bay of Naples. 

With descriptions of new species. 

LeptocheUa (PI. 20, Figs. 1 — 17). 

L. (hihia = L. (hihia (Kroyer) = Algicolri (Harger Dolifus) 
+ Savigiiyi (Kroyer & Sars + neapoJlt(ni(f (Sars). 

Ueinarks. Since the species has received many names and has 
often been described and figured it is only necessary for me to give 
my reasons for believing that all the foims described under the 
various names given above are really only one species. 

The female of this species was first described as Tmiais Sai'igugi 
))y Kkuyer from Brazil Nat. Tidskr. 4. Bd. p. IGS Tab. 2 Figs. 1 — 
12) and the male as T. Edwanlsii^ but Dana had previously (IS49, 
U. S. Expl. Exped. Crust. Vol. 2) suggested the generic name 
LeptocheUa for L. nUuuta^ an allied form. Kroyer also described 
what lie considered another species as T. dubius from a single 
Brazilian specimen (loe. cit.), but this from his figure was evidently 
an immature specimen, because it had onh^ 5 joints in the 
cndopod of the uropod. It may therefor be ignored. Subsequently 
Bate & Westwood British Sessile-eyed Crustacea i described 
L. Savigngi as L. Edarm/sU] IIarger (Eeport on Marine Isopoda 
of Xew-Eugland) has described it as Algicoldj and finally Saiis in 
his work (Middelhavets Saxisopoda) made three species out of it, 
L. Sitrigyigi^ dnhia and neapoUtniin. Professor Sars, courteously 
replying to my en([uiries, admits that the examination of a larger 
material than was at his disposal may break down the distinction 
between his three forms. After examining several thousand female 
specimens and about 80 males my conclusion is that these three 
forms constitute one species which in future should be known as 
L. duhin. 

The form described by Saijs as L. Sarigngi Q (our Fig. 10 is 
in reality an immature male of L. duhia^ which i)asses through this 
stout form with 4-Jointed antennae and rather powerful chelae be¬ 
fore assuming the adult male state. Although females do occur 
(Fig. 13) occasionally with 4 joints in the antenna, these females do 
not have the stout body and chela characteristic of the Sarigngi 
form. The typical Sarigngi form, if examined by sections, are found 
to possess testes, and never ovaries, while it is possible, fairly 
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frequently, to sec ii S(n'ig}i//i form with the autciiiui of the adult 
male teleseo]>ed up in the I-jointed antenna of the younger stage. 
The se])aratc species made by Saks and others for L. Sarig)nji 
therefore entirely break down, this form jU'oving to be an imma¬ 
ture male of duhia. The distinction between the females didjia and 
HdipolHaua docs not hold at all if a large series be examined. 

Turning to the males Sars attem])ts to make distinctions on the 
number of .joints in the antennae. Our 74 males in this respect 
graduate into one another quite perfectly, and in respect of every 
other character examined it was found quite impossible to S])lit them 
up into more than one species. 

The total number of joints in the antennae of our males were 
as follows: 


No. of joints 
Frequency 


9 10 11 12 

16 37 IS 1 


and 2 specimens had 9 joints in one antenna and 10 in the other. 
Now Sars’ 3 kinds of male are se})arated as follows: 


L. Sdrlgugi 
L, (Jidda 
L. aeapoll tana 


9 joints in whole antenna 
12 joints 
8 joints. 


There is another point to be discussed. Vmvz ]\ICller in bis 
Flir Darwin describes a very pronounced form of dimorphism ainoug 
the males of a species of Tanaid which he calls T. dubiiis (?) 
Kroyer). The tigure which ^Iuller gives leaves no doubt that 
he was dealing with our form Jj. didna^ or at any rate with a very 
closely allied species. He states that the males of this form in 
P)razil occur under two quite ditferent forms, the one with highly 
ditferentiated chelae and short sensory hairs on the antennae, the 
other with femalelike chelae and antennae with long and numerous 
sensory hairs. 

Since Muller, no one has seen the second of these forms. 
1)oiirx(9 suggested that a small male which he found in company 
with />. (Jidda and to which he could supply no female might he 
th\< form, luit this male lias turned out to be IlcJeroJaiiais iiiioiiiaJiis 
>ars to which 1 have discovered the female (see below. No^Y 
with reirard to Fritz .Muller’s statement it is true that the males 
of Jj. d/dda exliibit a kind of dimorphism which we have described 
in <ome (bqail <m i>p. 319 and 324, and this dimorphism approaches 
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the eomlition described by Millek, but is never so miirked nor is it 
(liseontiiinoiis, the types g-raduating’ into one another. AVe must 
therefore admit for the present that although the kind of dimorphism 
described by AIeller does not occur in the jMediterranean L. chihia^ 
there is a possibility that the Brazilian species has progressed 
further on the same lines and that the two forms of male described 
by Mi ller really do belong to one species. On the other hand the 
forms discovered by me and to be now described, namely L. incr- 
niutilis and lumjeUinae and also Dollfus' form L, iuermis^ corre¬ 
spond very well with Millers low male, and since these species 
may be found mixed up with L, duhia^ and their females are only 
distinguishable from L. duhi(f Q by the less number of joints in the 
uropod, it is quite possible that AU'ller has mixed up two species. 
It appears to me that the only way this matter can be settled is 
l)y examining the Brazilian species. Sterbing’s suggestion that the 
low male of iMiller was in reality an immature form is 1 think 
wrong; the immature male of L. dubia is the form which has been 
described as L. Savignifi: and there is no evidence of the existence 
of a form intermediate betsveen this and the adult male. L. dubia 
occurs at Naples all round the shore and at moderate depths, 
especially among the coralline algae. 

L. mcrcautdis, — New species. — PI. 20, Figs. 18—23. 

Male. Length 1.5 mm., Breadth 0,25mm. Alouth parts completely 
degenerate as in L. dubia. 1®^ antenna has 7 joints, sense-hairs 
not very numerous, about 4 to each joint of flagellum, but slightly 
longer than in L. dubia. Eyes poorly developed. Chelae not more 
strongly developed in male than female; biting edge of carpopodite 
continuously serrated; comb has 14 bristles. Uropod has endopod 
with 4 joints; exopod with 1 joint, longer than in L. dubia. 

Female. Length 2.75. A^ery hard to distinguish from L. dubia Q, 
the only constant distinguishing features being (I] the endopod of 
uropod has 4 joints, exopod being one jointed but conspicuous; 
,2) pt antenna which is 3-jointed has middle joint always tinged 
with purple. 

This species occurs in fair abundance in the Porto mercantile 
and militare among the polyzoan Bugula piirpurotincta on which 
it feeds, the whole body containing oil drops whose colour is plainly 
derived from the Polyzoan. In this material no other Tanaid occurs, 
but where the Polyzoan is mixed with coralline alga, L. dubia may 
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be mixed witli L. numnitHii^. There can be no doubt however 
tliat the two are quite distinct though very closely allied species. 

L. ntrrrjelUuae. — New sj>eeies. — PI. 20, Figs. 24—2S. 

Male. Length 0.9 inin. Mouth parts degenerate as in preceding. 
1 antenna has b joints, the jiroximal joints of flagellum being rather 
sw(dleu: sensory hairs numerous and long. Eyes well developed. 
Chelae very similar to those of L. incrcantUis in every particular; 
coml) has 11 bristles. Claws on walking legs very long. Uropod 
ha< endopod of 4 joints, exopod of 2. 

Female. Peadily distinguishable from females of L. duhin and 
uKrcnutHis Iw their small size and uropod, which has a 4-joiuted 
endopod and 2-jointed exopod. 

This species occurs in no great abundance at Posillipo and 
Mergellina in rather muddy material consisting chiefly of the roots 
of Posidonifi CnroJinii. It affords a very beautiful trausition tn 
Pfimtntinis Bntei. 

Heierotmiais. 

H. nnomnhis (Sars) Q nov. (PI. 21 , Figs. 29—35 . 

Male. Described by Saks (Middelhavets Saxisopoda . Chela 
brush has 11 bristles. 

Female. 1.5 mm. long. At once distinguished from young 
LfptorhfUn by the short and very stout antenna, the presence 
of two joints in the exopod of the uropod and 4 joints in the endo¬ 
pod. The joint of the chcliped which precedes the chela has an 
overlapping lobe. 

Dohrx 9 discovered the male of this species, and as it occurred 
mixed with L. duhin and there appeared to be no female correspou- 
dini: to it. he suggested that it was ^Iuller’s low male of L. duhin. 
Sak.s found the male again luit though he did not discover the fe¬ 
male, he believed on general grounds that it belonged to a sepa¬ 
rate sj e des. Dohkx s suggestion must now be finally given uj) as 
I have rbund the ov'fcrous female corresponding to the male, and 
al<o the male and female of a similar closely allied sjjecies. 
//. nufjffitdu.s occurs in very small numbers mixed up with L. duhin. 

//. maijinjs. — Xew Species. — PI. 21, Figs. 3b—39. 

Male. Length 2.5 mm. Very similar to H. fmouudus save in 
.''i/c. Imt tir^t antenna lias more joints, ^iz. 13 as against lo, and 
the -licla i-i more strongly developed, with 17 bristles in comb. 
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Female. Length 3 mm. Eesembles in all particulars H. ano- 
malui^ but is far more strongly built and the antennae are even 
more swollen. 

This species is separated from H. miohirilus because it never 
occurs mixed up with it and inhabits a totally different station, 
viz. the deeper water and muddy material of Posillipo and Mer- 
gellina. Otherwise I should call it a **high*’ variety of H. nnomaiits. 


I now append a list of the species of Tanaidae found by me in 
the bay. 

Iannis rittatas rf and C rare. All stations. 

I. CnvoJinii rf and C rare. All stations. 

Paratrotais Bnki and C. 2-3 meters in Amphioxus sand. 
Tnnnopsis Jnticaiidnta and C . Deep muddy material. Mer- 
gellina. 

Leptognnthin hreviniaun ^ and C, Same material as above. 
PsfHdotannis mcdittrrancus. Only C. Same material. 
LeptoclieUa Corsica. Only Q. Coralline algae on Posillipo shore. 
L, duhia rf and C. Very abundant in coralline algae at Santa 
Lucia. 

i. mercantiJis and C. In Bugida purpnrotincta at Porto 
militare and mercantile. 

L. mcrgeJIinae and Q, At Mergellina. deepish water. 

Hetf rotanais anoniaJus ^ and Q. With L. dubin. 

H. niagnus and Q. Mergellina anl Posillipo. 
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Appendix 2. 

Table 1. Correlation of chela breadth and thoracic length, 
7. scorpto Q^. 

Chehi breadth in mm. 
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Table 2. Correlation of chela length and body length, 
L. chihla 

Scale of chela length in uiin. 
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Geoffrey Smith, High and low Dimorphism. 


:uo 


Explanation of Figures. 

'Pile mairnitications are only given approximately. Figures 7, S, 9, 21, 22, 

29, 2^. 9^, 40, 41, 44, 45 representing chelae are all drawn to the same scale. 


Plate 20. 

Figures 1 —17 refer to Leptochrlia duhia. 


Fig. 1. High male, x 22. 

Fig. 8,9. 

Chelae of low males. xl25. 

Fig. 2. Low male. X 22. 

Fig. 10. 

Male, before last eedysis. x 54. 

Fig. 3. 1st antenna of high male. X 50. 

Figs. 11 

— 13. Females, different types. 

Fig. 4. 1st antenna of low male, x 50. 


X54. 

Fig. 5. First 3 joints of 1st antenna. 

Fig. 14. Uropod of larva taken from 

high male. X 125. 


brood pouch, x 125. 

Fig-. 0. First 3 joints of Pt antenna, 

Figs. 1.5- 

—17. Stages in developeinent of 

low mule. X 125. , 


uropod. X 125. 

Fig. 7. Chelae of high male. X 125. I 



Figures IS—23 refer 

■ to L. mcreantilis. 

Fig. I''. Male. X 22. 

Fig. 21. 

Chela of male. X 125. 

Fig. 19. Female, x 22. 

Fig. 22. 

Chela of female, x 125. 

Fig. 20. 1st antenna of male, x 125. i 

Fig. 23. 

Uropod. X 125, 

Figures 24—2S refer to L. mrrgcUinae. 

Fig. 24. Male, x 70. 

Fig. 27. 

Chela of female. X 125. 

Fig. 25. Female. X 70. 

Fig. 26. Chela of male. X 125. 

Fig. 28. 

Uropod. X 125. 

Plate 21. 


Figures 29—35 refer to 

Hetcrotanais anomcdiis. 

Fig. 29. ^lale. x 54. 

Fig. 33. 

1 st antenna of male. X 100. 

I'ig. 30 . p'emale. x 54. 

Fig. 3J. 

1st antenne of female. X 100. 

Fig. 31. Chela of male. X 100. 

Fig. 35. 

Uropod. X 100. 

Fig. 32. Chela of female, x 100. 



Figures 36—39 refer to IL 


Fig. 36. ^lale. x 40. 

Fig. 3S. 

Chela of male, x 125. 

Fig. 37. Female. X 40. 

Fig. 39. 

Uropod. X 125. 

Figures 40—43 refer 

to Paratanais Bedel. 

Fig. 40. Chela of male. X 125. 

Fig. 42. 

1st antenna of male. X 125. 

Fig. 41. Chela of female, x 125. j 

Fig. 43. 

Uropod. X 125. 


I'igiires 44—lO refer to Tanaopats hdicauda. 
Fig. 14. Chela of male. xl25. 

Fig. 4.5. Chela of female, x 125. 

Fig. 40. Antenna of male, x 125. 


